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Abstract
The characteristics and performance of a Dual Position Sensitive Multi-Wire Proportional Counter (DPS-MWPC) used
to measure the scattering angle, the interaction position on the target and the velocity of reaction products detected in
the VAMOS++ magnetic spectrometer, are reported. The detector consists of a pair of position sensitive low pressure
MWPCs and provides both fast timing signals, along with the two-dimensional position coordinates required to define
the trajectory of the reaction products. A time-of-flight resolution of 305(11) ps (FWHM) was measured. The measured
resolutions (FWHM) were 2.5(3) mrad and 560(70) µm for the scattering angle and the interaction point at the target
respectively. The subsequent improvement of the Doppler correction of the energy of the γ-rays, detected in the γ-ray
tracking array AGATA in coincidence with isotopically identified ions in VAMOS++, is also discussed.
Keywords: Low pressure Multi-Wire Proportional Counter (MWPC), VAMOS++, Tracking of heavy reaction
products, Doppler correction, Energies around the Coulomb barrier.
PACS: 29.40.Cs, 29.40.Gx, 25.70.z
1. Introduction
Nuclear reactions at energies around the Coulomb bar-
rier are a powerful tool to investigate nuclear structure
and dynamics. Heavy-ion fusion reactions in conjunction
with large γ-ray detector arrays have been used to un-
derstand behaviour of nuclei at the extremes of angular
momentum [1]. Isotopically identified fission fragments,
from fission induced by heavy-ion fusion or transfer, have
been recently used to characterize neutron-rich nuclei at
large angular momentum [2, 3] and also to study the mul-
tidimensional facets of the fission process [4, 5]. More pe-
ripheral collisions, around the Coulomb barrier, have also
played a role in understanding the mechanism of nuclear
transfer [6] and to populate nuclei far away from stabil-
ity [7, 8]. Direct reactions, in particular using radioac-
tive ion beams, are a powerful tool to probe nuclear shell-
evolution [9, 10].
At beam energies around the Coulomb barrier, the iso-
topic identification (mass (A) and atomic (Z) numbers)
of the various reaction products is challenging for medium
mass and heavy nuclei. This is especially required when
the nuclei of interest are produced with small produc-
tion cross-sections among a large number of different re-
action products. Isotopic identification can be efficiently
achieved using a large acceptance spectrometer combined
with suitable detection system. In the last decade, several
large acceptance spectrometers like VAMOS++ [11, 12],
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PRISMA [13] and MAGNEX [14, 15] were built. The
performance of such a spectrometer depends on the ion
trajectory reconstruction method and can be further im-
proved with the knowledge of the interaction position on
the target. The direct measurement at the entrance of the
spectrometer of the scattering angles and the interaction
point on the target will result in less stringent conditions
on optical properties of the beam.
The PRISMA and VAMOS++ spectrometers have been
coupled with a large γ-ray detector array like CLARA [16]
and EXOGAM [17] respectively for probing spectroscopy
of neutron-rich nuclei [7, 18–20]. The advent of new gener-
ation of γ-ray tracking arrays AGATA [21] and GRETINA [22]
led to an improved determination of the first interaction
point in the detector and also allowed to increase their op-
erating rate with larger γ-ray multiplicities. The increased
granularity results in an improved Doppler correction of γ-
rays emitted in flight, provided that the velocity vector of
the recoiling ion is measured with sufficient precision on
an event-by-event basis. Typically, resolutions, in scatter-
ing angle of the ion and definition of the interaction point
at the target, better than 1◦ and 1 mm respectively are
required so that the final Doppler corrected γ-ray energy
resolution is limited only by pulse shape analysis and γ-ray
tracking capabilities.
For measuring the velocity vector at PRISMA, a single
Micro-Channel-Plate detector placed at the entrance of the
spectrometer [23], provided the two-dimensional position
and a timing signal for the reaction products, assuming a
point like beam spot on the target. A large area MWPC
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located in the focal plane provided the two-dimensional
position and timing signal for the time-of-flight measure-
ment [13]. At VAMOS++, start and stop detectors were
used, at the entrance and focal plane of the spectrome-
ter [12]. The scattering angles at the target were obtained
from a reconstruction method which used the trajectory
of the ions measured at the focal plane by drift cham-
bers [11, 12]. The resulting angular resolution was suffi-
cient for the Doppler correction given the relatively large
angular opening of the electrical segmentation of the EX-
OGAM clover detectors [17]. However, it is insufficient
for the superior angular resolution of the AGATA γ-ray
tracking array.
With the above motivations, a new Dual Position Sen-
sitive Multi-Wire Proportional Counter (DPS-MWPC), pro-
viding time information, a measurement of the scattering
angle and interaction point on the target, was developed.
Here the characteristics and performance of this new de-
tector are reported.
2. Detector description
The purpose of the present detector is to detect low
energy ions produced in reactions at energies around the
Coulomb barrier in the vicinity of magnetic fringe fields
and close to target bombarded with intense heavy ion
beams. Hence, low pressure Multi-Wire Proportional Coun-
ters (MWPC) [24–26] were chosen. The new detector as-
sembly consists of a pair of two dimensional position sensi-
tive MWPC in a common gas volume placed between the
reaction target and the entrance of the VAMOS++ spec-
trometer. A schematic view of the detector assembly is
shown in Fig. 1. The front and back MWPC have active
areas of 40× 61 mm2 and 65× 93 mm2 respectively. Each
detector is composed of three electrodes: a central cathode
that provides a time signal (t1,2) and two orthogonally ori-
ented anodes wire planes (X1,2,Y1,2) (Fig. 1(a)). The cath-
odes of the two MWPCs are separated by 105 mm, and
the detector assembly is placed 174 mm downstream of the
target. Such a geometry allows the detector to cover the
full angular acceptance of the VAMOS++ spectrometer
(∆θV = ±7◦ and ∆φV = ±11◦ in the horizontal and ver-
tical direction respectively). For each of the MWPC, the
cathode is composed of gold plated tungsten wires with a
diameter of 20 µm and separated by 0.5 mm. The X and Y
anodes are composed of 20 µm gold plated tungsten wires
separated by 1.0 mm. The cathode and anode planes are
separated by a gap of 2.4 mm (Fig. 1(a)). The different
spacing between the wires for the cathode and the anodes
was chosen to obtain the required avalanche amplification
gain. To avoid a dispersion in the measurement of the time
signal due to the propagation of the signal along the dif-
ferent wires, equivalent path lengths of the cathode signal
were designed so that it is independent of the Y position.
This is illustrated in Fig. 1(b) for one of the time planes
used in the MWPC. The residual time dispersion, arising
due to the varying X position, can be corrected on through
software on an event-by-event basis. Entrance and exit
Mylar windows with 0.9 µm thickness isolate the gas vol-
ume. Two gold plated tungsten wires (100 µm diameter)
are placed diagonally 1 cm up and downstream of the front
and back MWPC respectively. These reference wires are
used to align the detector assembly and obtain the position
resolution (see Section 3.2). The detector system is oper-
ated using isobutane i(C4H10), with gas pressure ranging
between 2 and 6 mbar. Voltages on the cathode are cho-
sen to optimize the amplitude of the signal (depending on
the dynamic ranges for the energy loss and velocity of the
detected ions). Typical values ranging between −415 V
and −475 V, were used. Permanent magnets, placed out-
side the reaction chamber, were sufficient to suppress the
remaining effect of δ-electrons originating from the atomic
interaction of the heavy-ions with the target.
The MWPC timing signals were amplified by ORTEC
FTA820 fast timing amplifiers. The amplified signals were
sent to an Enertec 7174 Constant Fraction Discriminator
(CFD) using 20% of the original signal, that provided the
start signals for the time-of-flight measurements. The stop
signal, generated using an analogous electronic chain, was
provided by a large area MWPC located in the focal plane
of VAMOS++ [12]. The time-of-flight was measured us-
ing an ORTEC 566 Time to Amplitude Converter (TAC).
The charge collected on each wire was individually inte-
grated and multiplexed using GAS SIlicium multiPLEX-
ing chips (GASSIPLEX) [27]. The readout was ensured
by CAEN V551 sequencer and CAEN Readout for Analog
Multiplexed Signals (C-RAMS) V550 modules.
The DPS-MWPC at VAMOS++ has the following ad-
vantages:
(i) Direct and precise two-dimensional measurements of
the position of reaction products provide the scat-
tering angle and the interaction point on the target.
This also allows the control of the shape and posi-
tion of the beam spot. The twofold measurement
also allows to increase the detection efficiency [28].
(ii) A pair of fast timing signals are available for the start
of the time-of-flight measurements.
(iii) Individual readout of charges collected on the wire
planes allows a uniform signal to noise ratio over the
complete detector size as compared to the use of de-
lay lines [13, 28, 29]. Further, the direct measurement
of the charge distribution allows a multi-track detec-
tion capability [26] and thus the treatment of pile-up
events.
(iv) The use of a common volume of gas, at low gas pres-
sure (2-6 mbar), with thin Mylar windows (0.9µm),
results in a relatively small energy loss and angular
straggling that has a minimum impact on the perfor-
mance of the magnetic spectrometer and focal plane
detection system.
(v) A limited sensitivity to the magnetic fringe fields
(from large aperture quadrupoles) allows an opera-
tion without the constraints of magnetic shielding.
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Figure 1: (Color online) Left: Schematic view of the DPS-MWPC detector assembly. The detector is composed of a pair of position sensitive
MWPC. Inset (a) : Expansion of the three wire planes illustrating the wire plane orientation and spacings. Inset (b): Picture of the equivalent
path length routing of a time plane signal. Right: Front and back views of the detector assembly.
(vi) A limited sensitivity to δ-electrons produced in the
interaction of heavy ion beams with the target al-
lows an operation at higher beam intensities in the
absence of electrostatic mirrors.
3. Detector performance
In this section, the performance of the DPS-MWPC as-
sembly, based on source and in-beam measurements made
at GANIL, is presented. The time-of-flight, position and
angular resolutions of the new detector reported in this
section are summarized in Tab. 1.
3.1. Measurements
Two independent measurements were performed to quan-
tify the position and timing performances of the detector.
(a) Measurements were made using a collimated 252Cf fis-
sion source placed 10 cm in front of the detector assem-
bly. For these measurements an additional MWPC was
placed 2 cm in front of the DPS-MWPC and a silicon
detector was placed 4 cm behind. The detector was op-
erated at 2.3 mbar and a cathode voltage of −430 V. (b)
An in-beam measurement was also made using 238U beam
at 6.2 MeV/u (∼ 0.2 pnA) impinging on a 1.85 mg/cm2
thick 9Be target. The fragments from fusion- and transfer-
induced fission were isotopically identified in VAMOS++
placed at 26◦. The detector was operated at 6 mbar of
isobutane, and −470 V was applied on the cathodes.
3.2. Position resolution
For each MWPC, an event is characterized by a tim-
ing signal and a charge distribution in the X and Y wire
planes. Charge distributions with a typical wire multiplic-
ity of five were observed. The gain matched charge dis-
tributions, with a wire multiplicity of at least three, were
used to extract the position. A hyperbolic secant func-
tion [30] was fitted to the measured charge distributions
to obtain the positions (X1,Y1), (X2,Y2) for the front and
back MWPC respectively.
The measurements presented in this section were ob-
tained from the in-beam experiment. The detector was op-
erated in coincidence with ions detected in VAMOS++.
The four coordinates (X1,Y1,X2,Y2) were used to recon-
struct the scattering angles (θV ,φV ) of the detected ion
(see Fig. 1). Using these coordinates, the projected po-
sition (X,Y ) of the ion trajectory on any required plane,
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Figure 2: (Color online) Projected positions on the front (a) and back (b) reference wire planes. (c) The reconstructed events of figure (a)
are projected on a plane perpendicular to the front reference wire. (d) same as figure (c) for the back reference wire. The solid line show a
fit with the function D(x) (see text). The position resolution is also indicated.
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Figure 3: (Color online) Position reconstruction at the target position. (a) Mask placed in front of the target. The holes have a diameter
of 1 mm with different spacings. (b) Reconstructed image of the mask. (c) Measured profile of 238U beam. Standard deviations σXt,Yt are
indicated.
and in particular at the target position, could be obtained.
Figure 2(a) and (b) show these projections on the plane
of the front and back reference wires. The envelope of
the distribution of events can be seen to trace the angular
acceptance of the spectrometer [11]. The intensity distri-
bution is related to the kinematics of fission (induced by
heavy-ion beam in inverse kinematics). The shadows of
the reference wires (100 µm diameter) can also be seen.
The reduction in the number of events at regular intervals
(0.5 mm and 1.0 mm along Y and X axis respectively)
can be seen in Fig. 2. This arises from the shadowing
by the cathode and anode wires. The two-dimensional
spectra shown in Fig. 2(a) and (b) can be projected on a
plane perpendicular to the corresponding reference wires.
Figures 2(c) and (d) show these projections for the front
and back reference wires respectively. The profile of the
shadow of the wire is used to measure the position reso-
lution of the detector. The above projected spectra were
fitted using a function that is a convolution of a slit and a
Gaussian function. This describes the shadowing of a wire
with given diameter superimposed on linear distribution
as a function of position and has the following form:
D(x)=
(
1−1
2
(
Φ
(
x−d2√
2σ
)
+ Φ
(
−x+
d
2√
2σ
)))
× (a+bx)
where: Φ(x) = 12 (1− erf(x)) is the convolution of a step
and a Gaussian function, σ is the standard deviation de-
scribing the position resolution, d is the wire diameter, a
and b parameters are used to locally reproduce the lin-
ear behaviour as function of x. Using a fixed diameter
of the wire (d = 100 µm), an optimization of the mea-
sured projection using this function results in resolutions
of σ = 73(9) µm and σ = 84(11) µm for the front and back
reference wire, respectively. The error on the resolutions
arises mainly from the wire deformation (∼ 8 µm and
∼ 10 µm for the front and back MWPC respectively).
This was estimated by using the projection for various
sub-parts of the reference wire. Additional contributions
arise from the uncertainties on the diameter of the wires
(∼ 3 µm), the position of the projection plane (∼ 1 µm)
and of statistical nature (∼ 1 µm). As the projection in-
volves all the (X1,Y1,X2,Y2) coordinates, the quoted reso-
lution can be considered as an upper limit of the intrinsic
resolution for a single detector.
The resulting angular resolution of the scattering an-
gles (θV ,φV ) and position resolution of the interaction point
on the target (Xt,Yt) were also investigated. A 1 mm thick
aluminum mask, with 1 mm diameter holes, was placed
in front of the target (shown in Fig. 3(a)). Figure 3(b)
shows the corresponding reconstructed position using the
detected fragment. To evaluate the resolution of the pro-
jected position and scattering angles, a Monte Carlo sim-
ulation for scattered ions, emitted from a 1 mm diameter
hole at the target position, was performed. The measured
position resolutions included in the simulation reproduced
the measured reconstructed image at the target position
(Fig. 3(b)). A resulting angular resolution (FWHM) for
θV and φV was evaluated to be 2.5(3) mrad (∼ 0.14◦).
Similarly, the position resolution (FWHM) of the interac-
tion point on the target was evaluated to be 560(70) µm.
Figure 3(c) shows the profile of the 238U beam measured
with the DPS-MWPC, illustrating the tracking capabili-
ties of the detector.
3.3. Time resolution
The time-of-flight resolution of the MWPCs was de-
termined using the 252Cf source. The time-of-flight was
measured between the additional MWPC and the front
MWPC. The residual energy (ESi) was measured in the
silicon detector. The two-dimensional spectra shown in
Fig. 4 illustrates the correlation between the time-of-flight
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Figure 4: (Color online) Bi-dimensional spectra of the time-of-flight
between reference and front MWPC versus the residual energy mea-
sured in Silicon detector. The heavy and light fragments from fis-
sion of 252Cf are separated. The inset shows the time-of-flight dis-
tribution of events in the energy region depicted by the two solid
lines. The red line shows the adjustment by a Gaussian function
with 305 (11) ps (FWHM).
and the energy. As can be seen in the figure, the light and
heavy fission fragments are well separated. The resolution
(FWHM) for the time-of-flight, obtained using an energy
selection (illustrated in Fig. 4) on a fraction of the light fis-
sion fragments, was measured to be 305(11) ps. Assuming
that the start and stop detector have similar time resolu-
tions, the intrinsic time resolution (FWHM) is estimated
to be ∼ 216 ps.
3.4. Efficiency
The transparency of each MWPC was estimated to be
96% considering the loss of ions due to the stopping by
the 20 µm wires of the cathode and anode planes. The
detection efficiency was obtained from the in-beam mea-
surement for heavy ions with 28 ≤ Z ≤ 65 and energies
ranging between 2 to 8 MeV/u. The trigger of the acqui-
sition was obtained from VAMOS++ detecting a fission
product. Using the correlation of the relevant signals from
VAMOS++ and the timing signal and positions (X,Y )
from the DPS-MWPC detector, an efficiency ∼ 98% of
the reconstructed parameters (t, X, Y ) for each MWPC
plane was obtained. The efficiency for reconstructing an
event (t, Xt, Yt, θV , φV ) was measured to be ∼ 96%.
3.5. Doppler correction of γ-ray energies
The performance of the event-by-event Doppler correc-
tion of γ-ray energies using the new DPS-MWPC detec-
tor is now discussed. Fission fragments from fusion- and
Table 1: Summary of the performance of the DPS-MWPC detector.
Quantity Description Unit σ
t1 Time-of-flight ps 130(5)
X1, Y1 Front MWPC µm 73(9)
X2, Y2 Back MWPC µm 84(11)
θV , φV Scattering angles mrad 1.1(1)
Xt, Yt Interaction position µm 239(30)
on the target
transfer-fission produced in the collision of the 238U beam
with the 9Be target were detected and isotopically iden-
tified in VAMOS++ spectrometer, (see Sect.3.1). Their
velocity vectors were measured using the DPS-MWPC de-
tector as described in Sect. 3. The AGATA [21] detectors
covered angles from 100◦ to 170◦. The AGATA array was
in a compact configuration (translated by 8.8 cm down-
stream compared to the nominal configuration, where the
detectors are at a distance of 23.5 cm from the target).
The γ-ray emission angle was determined using its first
interaction point, obtained from pulse shape analysis and
tracking procedures [21]. A typical position resolution of
5 mm (FWHM) [31–33] has been reported for γ-ray ener-
gies around 1.3 MeV. This corresponds to an angular un-
certainty of ∼ 1.9◦ in a compact configuration. Figure 5
shows part of the Doppler corrected γ-ray spectra includ-
ing the known 1222.9 (1) keV transition measured using
AGATA, in coincidence with 98Zr fragment isotopically
identified in VAMOS++. The solid line corresponds to
an event-by-event Doppler correction using the measured
velocity vector of the scattered ion, the derived interaction
point on the target and the first interaction point of the
γ-ray in AGATA. The dashed line spectra corresponds to
the Doppler correction where the DPS-MWPC is not used
and the scattering angles were derived using an ion tra-
jectory reconstruction method [11, 12, 34]. The improved
resolution resulting from the direct measurement of scat-
tering angle and the derived position of the reaction point
at the target is evident from the figure. The resolution is
improved by a factor of ∼ 1.6 (5.5 (1) keV compared to
8.6 (1) keV). It should be noted that in the nominal con-
figuration, where the detectors are placed at 23.5 cm from
target, a smaller angular uncertainty of ∼ 1.2◦ will lead
to a superior Doppler correction. The excellent perfor-
mances of the DPS-MWPC reported here, with a typical
angular resolution of ∼ 0.14◦ (FWHM) and the resolu-
tion of the derived position of interaction at the target of
∼ 560 µm (FWHM), are approximately one order of mag-
nitude better than that required for AGATA and hence is
compatible with future improvements in the γ-ray tracking
performances.
4. Summary and perspectives
The characteristics and performance of a new dual po-
sition sensitive MWPC detector system are reported. This
6
Figure 5: (Color online) Part of the tracked event-by-event Doppler
corrected γ-ray spectra in the region of the 1222.9(1) keV transi-
tion, measured in AGATA, in coincidence with isotopically identi-
fied 98Zr in the VAMOS++ spectrometer. Red solid line: using the
measured 98Zr velocity vector and interaction point on target with
the DPS-MWPC detector. Black dotted line: using angles at the
target obtained from the ion trajectory reconstruction method from
VAMOS++ (see text).
detector is used at the entrance of the VAMOS++ spec-
trometer and provides both fast timing signals and two-
dimensional position coordinates. These define the trajec-
tory of the reaction products, namely the scattering angle
and interaction point on the target. A time-of-flight res-
olution of 305(11) ps (FWHM) and a position resolution
of 172(21) µm (FWHM) have been measured. Angular
resolution of 2.5(3) mrad and resolution of the interaction
point at the target of 560(70) µm were obtained. An over-
all efficiency of ∼ 96% was measured for fission fragments
over a wide range of velocities. The above tracking per-
formances were applied to the Doppler correction of γ-ray
energies with the γ-ray tracking array AGATA. The reso-
lution in the Doppler corrected γ-ray energy at 1.2 MeV
is improved by a factor of ∼ 1.6 compared to the result
obtained using the previous ion trajectory reconstruction
method. The angular resolution of the DPS-MWPC is
approximately one order of magnitude better than what
is required today for a γ-ray tracking array. It can thus
cope with the improvements in the angular resolution of
the γ-ray detection systems.
The DPS-MWPC was routinely used for beam tuning
and to optimize the spectrometer performance during the
first campaign of AGATA at VAMOS++ in 2015. In the
compact configuration of the AGATA, the event-by-event
measurement of the interaction point on the target is im-
portant to ensure the stability of the beam spot size and
position throughout the experiment. For experiments em-
ploying direct reactions relying on the kinematical energy-
angular correlations [5, 9], the precise determination of the
interaction point at the target is essential.
Presently, the performances of the large acceptance
spectrometer VAMOS++ rely on an ion trajectory recon-
struction method. In such an approach, the measurement
of ion trajectories at the focal plane is used to derive the
magnetic rigidity, path length in the spectrometer, and
the scattering angles at the target, assuming a point like
beam spot. It has been shown in the present work that the
new detector leads to a large improvement in the determi-
nation of scattering angles. This precise determination of
the scattering angles and of the interaction point on the
target, obtained independently of the spectrometer, cou-
pled to the information from VAMOS++ will result in
further improvements of the resolution in the magnetic
rigidity and path length and thus provide an improved
mass resolution.
Tracking and timing information at the focal plane of
VAMOS++ is presently provided by two drift chambers
and one large area MWPC respectively. The detector re-
ported in this paper represents a first step towards an im-
plementation of large area dual position sensitive MWPC
for both tracking and timing at the focal plane of VAMOS
that will result in lower energy losses and improved count-
ing rate capabilities.
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